Objectives: The aim of this study is to detect Epstein-Barr virus (EBV) in nasopharyngeal carcinoma (NPC) biopsies of Sudanese patients using EBV-encoded RNA (EBER) in Situ hybridization (EBER-ISH). Study Design: This is a descriptive cross-sectional study conducted at the National Center for ENT diseases and Head and Neck Surgery and the Institute of Endemic Diseases, University of Khartoum, Khartoum City, Sudan. Subjects and Methods: Biopsies from 43 patients with nasopharyngeal carcinoma were examined for the presence of Epstein-Barr virus using EBER-ISH. Ten normal samples were used to assess the presence of the virus in non cancer tissues. Results: Fifty three samples were examined for the presence of the virus by EBER-ISH, 43 biopsies were NPC and ten were normal. Histologically the cases were, 20 (46.5%), 20 (46.5%) and 3 (7%) of the biopsies were classified as WHO types II, III and mixed type II and III, respectively; there were no cases of type I NPC. All nasopharyngeal carcinoma biopsies (100%) were positive for EBER1 in almost all carcinoma cells with focal and intense dark-blue staining limited to the nucleus; no hybridization was observed in the cytoplasm. No hybridization was observed in all ten non cancer tissues. Conclusion: All NPC cells are clearly EBV-infected. The virus is located in the nucleus of the tumour cells. The presence of Epstein-Barr virus in normal nasopharyngeal epithelia is not a common event.
Introduction
Nasopharyngeal carcinoma (NPC) is an epithelial tumor that has a distinct geographical distribution. It affects Chinese in southeast Asia, Arabs in north Africa and Eskimos in Antarctica [1] . Sudan is considered an intermediate area of endemicity for this type of cancer [2] [3] . According to the World Health Organization (WHO), NPC is classified histologically into three types: Type I (keratinizing squamous cell carcinoma), type II (non keratinizing carcinoma), and type III (undifferentiated carcinoma) [4] . An additional mixed type consisting of types II and III was reported in 2011 [5] . It is well-documented that Epstein-Barr virus (EBV) is associated with this neoplasm [6] . EBV is detected in both II and III histological types but not in type I in low endemic areas [7] . In high risk areas the virus is detected in all histological types [8] .
Evidence for a role of the virus in the pathogenesis of NPC includes: 1) elevated antibody titers to the virus preceding development of the neoplasm; 2) presence of the viral genome within the neoplastic cells but not in associated, adjacent non-neoplastic cells; 3) clonality of the viral genome in the tumor, and 4) expression of viral genes in the neoplastic cells [9] . Different methods for investigating the association between EBV and nasopharyngeal carcinoma have been used. These include serology [10] , polymerase chain reaction (PCR) [11] , immunohistochemistry [12] , and in situ hybridization (ISH) [13] . Of these methods, the in situ hybridization technique that detects EBER is the only way to directly verify the existence of the EBV genome in the nuclei of tumor cells. EBER-1 does not code any protein and its function is still unknown, but it is known to be abundantly expressed in infected cells (10 6 copies per cell), making itself an appropriate target for detection of EBV [14] . EBER-ISH has been established as the most sensitive and practical method for detecting EBV. It is reported to have a sensitivity of 98% and a specificity of 100% in detecting primary NPC [15] . It also has a strong impact on the prognosis of NPC according to Nakado et al. and Kengjian et al. who concluded that it is an independent and excellent predictor of NPC [16] [17] .
In a previous study we detected EBV in nasopharyngeal carcinoma among Sudanese patients using PCR. Two markers were used: Epstein-Barr virus nuclear Antigen-1 (EBNA-1) and Latent Membrane protein-1 (LMP-1). Both markers gave a high frequency of the presence of the virus in the tumor. The frequencies were 77.6% and 84.5% for EBNA-1 and LMP-1 primers, respectively [5] . PCR technique gives the key step in the contribution of EBV in the pathology of NPC, but it could not provide an evidence for the cellular localization of the virus, since tumor extracts contained DNA from both malignant epithelial cells and infiltrating lymphocytes, so there is a need to demonstrate the virus in its local cellular environment using morphology-based technique and so confirm its contribution in this cancer.
The present study is the first in Sudan that investigated the presence of EBV genome in NPC by using ISH. The aim of this study is to detect EBV genome, to determine its cellular localization in NPC biopsies and to assess its presence in non cancer tissue.
Subjects and Methods

Patients
Forty-three NPC biopsies from patients, who attended the nasopharyngeal carcinoma clinic at the ENT Khartoum teaching Hospital and confirmed to be NPC histologically, were included in this study. Informed consent was obtained from all patients. In the case of the children, consent was signed by the patients [5] . Ten histologically normal samples from normal subject were used as non cancer tissue. The study was approved by the Ethical Review Committee Board of the Institute of Endemic Diseases, University of Khartoum in March 2005.
Samples
Samples were fixed in 10% neutral formalin and two sections of 5 µm thickness were made. One was stained with Haematoxylin and Eosin for histopathological examination. The tumors were classified as described previously [5] . The other section was used for ISH. ISH was made with EBV peptide nucleic acid (PNA) Probe/ Fluorescein (Dako, Denmark) and detected by PNA ISH detection Kit. Hybridization lasted 1.5 hours at 55˚C and was visualized by alkaline phosphatase (AP)-conjugated anti-fluorescein antibodies. Nitro blue tetrazolium (NBT)/Bromo chloroIndoyl phosphate (BCIP) (Dako, Denmark) was used as a substrate for AP. To test the sensitivity and specificity of ISH, both negative and positive controls supplied by the manufacturer were used. A Burkitt's lymphoma biopsy served as an additional positive control. A case was considered to be positive if the nucleus of a tumor cell stained dark blue or black.
Results
The age of the patients ranged from 10 to 80 years and the median age was 45 years. Thirty four (79.1%) were males and 9 (21.1%) were females. Histological, twenty (46.5%), 20(46.5%) and 3 (7%) of the biopsies were classified as types II, III and mixed type II and III, respectively; there were no cases of type I NPC ( Table 1) .
All NPC biopsies (100%) expressed EBER1 in all carcinoma cells with an intense dark-blue staining limited to the nucleus; no hybridization was observed in the cytoplasm (Figure 1) . No hybridization was observed in all ten non cancer tissues. 
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Discussion
The association between EBV and NPC is well documented [6] [18]. The most sensitive method for investigating this association is the EBER-ISH [19] . It is well known that NPC incidence in Western countries is lower than in the Far East while the Mediterranean basin countries have an intermediate incidence of this type of cancer [20] . EBV frequencies using EBER-ISH were reported from different areas in the world with variable degrees of endemicity for NPC. In this study the virus was detected in all biopsies (100%). Malaysia, Japan and Taiwan, are areas of high endemicity [21] . In a study of 107 cases of NPC from Taiwan, EBV was detected by ISH in 105 cases [15] . In another study among Japanese patients, EBV genome was detected by the same method in all 39 cases of NPC, including the type I, keratinizing subtype [22] . In Malaysian patients, the virus genome was demonstrated in all 120 patients [23] .
Using ISH for EBER, similar studies were conducted in regions with intermediate endemicity for NPC such as Italy, Spain, the United States of America, Morocco, Iran and Turkey. Interestingly, these studies revealed high frequencies of EBV infection [24] - [29] .
In normal epithelia of the non cancer tissues, no hybridization was detected. This result is in agreement with Sam et al. who reported no signal detection of EBV using ISH in normal nasopharyngeal biopsies from Malaysian subjects [30] . Also Dickens et al. detected no signal for EBV in eight normal samples among the Chinese, a known high area for NPC expressing EBV [31] . It is worth mentioning that in our cases, no virus was detected in the normal lymphocyte and epithelium surrounding the tumor.
These findings also raise several questions that remain largely unanswered: when does EBV enter the epithelial cell, how it does that and what type of receptors expressed by cells allow its entry. It might also be that EBV infection is not an early event in the carcinogenesis of NPC.
Conclusion
In conclusion, EBV is found in a high frequency among Sudanese patients which could indicate its role in the pathogenesis of the tumor. This high incidence of the virus among NPC patients can be used as a tumor marker for the diagnosis and prognostication of the disease and also as a tool for screening for this tumor. However, the number of biopsies examined was relatively small and further work needs to be carried out to test the validity of this provisional conclusion.
